INTRODUCTION
============

Intracranial dural arteriovenous fistula (DAVF) is abnormal arteriovenous shunts that occur within the leaflets of the dura mater and comprised 10-15% of intracranial arteriovenous malformation[@B8]. In a meta-analysis of 377 patients with DAVF reported before 1989, tentorial DAVF was only 8% (32/ 377) of all intracranial DAVF, but tentorial DAVF had the most aggressive neurological behavior, with 97% (31/32) causing hemorrhage or progressive focal neurological deficits[@B1][@B10]. Unlike the less aggressive DAVFs of the lateral and cavernous sinuses that drain into venous sinuses, tentorial DAVF drains into pial veins[@B11]. These characteristics cause tentorial DAVF prone to hemorrhage. We report two cases of tentorial DAVF treated by transarterial embolization using Onyx.

CASE REPORT
===========

Case 1
------

A 59-year-old man presented with sudden onset of dizziness and gait disturbance. He complains of right hemiparesis and diplopia. He also showed spontaneous vertical nystagmus. He was diagnosed diabetes and hypertension for the first time after admission. CT and MR imaging revealed an acute hemorrhage at left tectum of mid brain and fourth ventricle ([Fig. 1A, B, C](#F1){ref-type="fig"}). Cerebral angiography showed a DAVF around torcular fed by meningeal branch of ascending pharyngeal artery, transosseus branch of the right occipital artery and drained into cortical vein of left occiput and basal vein of Rosenthal ([Fig. 1D, E](#F1){ref-type="fig"}). Transarterial embolization was performed under general anesthesia. An intravenous bolus of 3000 IU of heparin was administered after placement of a 6-Fr guiding sheath in the right femoral artery. A 6-Fr guiding catheter (Envoy, Cordis Endovascular, Miami Lakes, FL, USA) was placed at external carotid artery. We planned to superselective catheterization of meningeal branch of ascending pharyngeal artery but failed due to tortous curve at cranial base. We could access to fistula point through transosseus branch of occipital artery using microcatheter (Apollo, ev3 Inc., Plymouth, MN, USA). The volume of 0.7 mL Onyx-18 (ethyl vinyl alcohol, ev3 Inc., Irvine, CA, USA) was injected within DAVF with biplanar simultaneous subtracted fluoroscopy. Post-embolization angiogram demonstrated Onyx occupying the retrograde drainage of cortical vein and obliteration of DAVF ([Fig. 1F, G, H](#F1){ref-type="fig"}). Microcatheter was gently removed. The patient was discharged 7 days later and his postoperative course was uneventful.

Case 2
------

A 74-year-old man presented with progressive headache and dementia symptom for several months. Seven years ago, he had spontaneous hemorrhage in 4th ventricular and been treated for DAVF by transarterial embolization using n-butyl cyanoacrylate (NBCA). Both middle meningeal arteries (using 33 and 50% glue) and transosseus branch of left occipital artery (using 20% glue) were selected for embolization. The posterior choroidal branch of vertebral artery was not embolized due to risk. Although arteriovenous shunting flow was not completely abolished, retrograde cortical flow was remarkably decreased. He refused further treatment and did not seek hospital since then. By this time of visit, he has been well. CT and MR image showed a prominent, tortous vascular structure around medial tentorium and multiple fine vessels engorgements at both thalamic and putamen areas ([Fig. 2A, B](#F2){ref-type="fig"}). Angiogram demonstrated recanalization and recruitment from both middle meningeal arteries and posterior choroidal arterial supply from vertebral artery. The retrograde leptomeningeal drain of infratentorial vermian vein showed dilated and saccular change ([Fig. 2C-F](#F2){ref-type="fig"}). We embolized DAVF only through the right middle meningeal artery and inject Onyx-18 1.0 mg as described above. Multiple fistula points and common draining vein was occluded ([Fig. 2G-J](#F2){ref-type="fig"}). Korea Mini-Mental State Examination (K-MMSE) score was improved from 14 to 28. He was discharged 7 days later with improved condition.

DISCUSSION
==========

DAVF associated with retrograde leptomeningeal venous drainage exhibit a high incidence of aggressive behavior[@B3][@B9][@B12] and those with only leptomeningeal venous drainage was classified type III by Borden et al.[@B2]. In tentorial DAVF patients, 22/22 cases (100%)[@B14], 26/31 cases (84%)[@B10] and 13/14 cases (93%)[@B6] were classified Borden type III and needed prompt treatment. The tentorial DAVF is a rare type of DVAF and should be treated even though without remarkable clinical symptoms because natural history is very disappointing. To our knowledge, there has been no report of tentorial DAVF which is resolved spontaneously yet. Tentorial DAVF is located in the tentorial dura mater and fed primarily from branches of the meningohypophyseal trunk, middle meningeal arteries, and occipital artery. The multitude of small dural arteries, a variety of venous pathways, and high flow may prevent spontaneous closure[@B11]. DAVF usually has multiple fistula points by multiple feeding arteries but drains into single vein. The aim of the DAVF treatment with retrograde leptomeningeal venous drainage is complete and permanent obliteration of the all arterial supply or occlusion of proximal draining vein. Therapeutic options for treating DAVF include transvenous and/or transarterial embolization and surgical excision of the DAVF nidus, ligation of the draining vein. Usually the transvenous embolization was preferred when the venous anatomic features were open and not too tortuous for catheterization of the draining vein and fistula[@B13]. These combinations of transvenous and transarterial embolization results in high obliteration rates for most DAVF, but tentorial DAVF are somewhat different. Transvenous navigation to deeper locations around the tentorium is difficult. More importantly, tentorial DAVF often drain exclusively to subarachnoid veins rather than to their associated sinus (Borden Type III), which prevents transvenous access[@B2][@B6][@B10][@B11]. Huang et al.[@B6], reported complete cure of tentorial DAVF in 78.6% (11/14) by transarterial embolization using Onyx. In case of partial obliteration of the arterial supply, patients with Borden Type II or III lesions should considered surgery because they may experience temporary palliation of their symptoms but cannot provide protection from the risk of hemorrhage or progression of the effects of venous hypertension[@B4][@B14]. Hwang et al.[@B7] and Lawton et al.[@B10] recommended surgical option for incomplete embolization of tentorial DAVF by simple interruption of draining vein. Surgical interruption of simple venous drainage is analogous to transarterial and/or tranvenous embolization of outlet from the nidus without effect of normal venous drainage. The surgical interruption of proximal venous drain could be considered according to types of tentorial DAVF by location and drain vein.

The tentorial sinuses drain the supra- and infratentorial veins as well as the deep veins of the brain stem. Lasjaunias et al.[@B9], divided tentorial DAVF into torcular, basal tentorium and marginal tentorium by their location and draining veins. Lesions in torcular drain to medial occipital and infratemporal areas. Lesions in basal tentorium drain to superior petrosal sinus and petrosal vein. Lesions in marginal tentorium drain into tentorial vein, vein of Rosenthal, and mesencephalic veins. Picard et al.[@B12], divided tentorial DAVF to 3 groups by draining veins as medial, lateral and marginal tentorial sinus group. Lesions in the medial tentorial sinus group are situated adjacent to the torcular and drain into it or the lateral or straight sinus. They primarily receive venous drainage from the cerebellar hemispheres and vermis (infratentorial drainage). Lesions in the lateral tentorial sinus group lie adjacent to the lateral sinus and receive supratentorial drainage from the lateral and inferior surfaces of the temporal and occipital lobes. Lesions in the marginal tentorial sinus group lie along the free edge of the tentorium and receive venous drainage from the basilar and lateral mesencephalic veins. Fistulae at this location may have infra- or supratentorial drainage or drain into spinal veins. Lawton et al.[@B10], differentiated these fistulae into 6 types (1. Galenic DAVF, 2. Straight sinus DAVF, 3. Torcular DAVF, 4. Tentorial sinus DAVF, 5. Superor petrosal sinus DAVF, 6. Incisural DAVF) and suggested surgical strategies on the basis of these types. Case 1 was torcular type by Lasjaunias et al.[@B9] and Lawton et al.[@B10], and then marginal tentorial sinus group by Picard et al.[@B12] which was located around tocular area and drained to supratentorial cotical vein into basal vein of Rosenthal and causes brain stem hemorrhage. Case 2 was medial tentorial sinus group by Picard et al.[@B12] and straight sinus type by Lawton et al.[@B10] which was located around midline torcular and drained to infratentorial vermian vein and causes venous hypertension. In both cases transvenous approach was too difficult and risky for embolization. Various embolic agents have been used including particles, platinum coils, NBCA and Onyx for arterial approach. In case of NBCA, solidification time of the material should be matched to the local flow velocity and to the angioarchitectural features of the lesion. Although NBCA is usually considered as permanent embolic agent but may result in recanalization as our case in delayed fashion[@B5]. Furthemore posterior choroidal artery could not be selected for embolization of complete angiographic cure by NBCA. Recently due to the superior ability of penetration and controllability, Onyx is used as the treatment of choice for transarterial embolic agent of DAVF and very effective for obliteration of multiple fistula point and proximal draining vein by single transarterial access. Contrast to NBCA, in case 2, Onyx could penetrate deeper venous sac and reach posterior choroidal arterial supply from middle meningeal artery and results in complete angiographic cure.

CONCLUSION
==========

Tentorial DAVF should be treated aggressively and transarterial embolization with Onyx can be prior option when transvenous access is difficult. Transarterial approach using Onyx also can be applied for delayed recanalization after embolization with NBCA. If partially treated tentorial DAVF by embolization procedure, simple surgical interruption of proximal draining vein should be considered according to the location and drain veins.

![Case 1. Brain CT (A) and MR imaging (B and C) showed acute hemorrhage at 4th ventricle and left tectum of mid brain. Enhanced axial MR imaging (C) showed prominent vessels near the perimesencephalic cistern and tentorial leaflet (white arrows). Right external carotid angiogram demonstrated a DAVF around torcular fed by meningeal branch of ascending pharyngeal artery, transosseus branch of the right occipital artery and drained into cortical vein of left occiput (black arrow) and basal vein of Rosenthal (D and E). Post-embolization angiogram demonstrated Onyx occupying the retrograde drainage of cortical vein and obliteration of DAVF. Onyx was injected through the transosseus branch of the right occipital artery (arrowhead) (F and G : Right external carotid angiogram. H : Skull AP view).](jkns-58-276-g001){#F1}

![Case 2. Brain CT image showed a prominent and tortuous vascular structure around medial tentorium (arrow) (A). Brain MR image showed multiple fine vessel engorgements at both thalamic and putamen regions (B). Angiogram demonstrated recanalization and recruitment from right middle meningeal arteries (C) and left middle meningeal arteries (D and E). The retrograde leptomeningeal drain of infratentorial vermian vein showed dilated and saccular change (arrowhead). Vertebral angiogram also showed supply from posterior choroidal artery (F). After embolization of DAVF through the right middle meningeal artery using Onyx, multiple fistula points and common draining vein was occluded and DAVF was obliterated (G : Right external carotid angiogram. H : Left external carotid angiogram. I : Vertebral angiogram. J : Skull lateral view).](jkns-58-276-g002){#F2}
